Novel 5-isonicotinoyl-1,2,3,4-tetrahydropyrimidines 4a-i have been synthesized in good yields by the reaction of enaminones 3a-c, primary amines and formaldehyde. 4a-i have been screened for their antibacterial properties. Enaminones 3a-c have also been reacted with diamines and formaldehyde to give hitherto unreported bis-tetrahydropyrimidines 5a-l in good yields. The structures of 4a-i and 5a-l have been established with the help of spectral and analytical data.
Introduction
Prompted by the biological activities of 5-nitro-1,2,3,4-tetrahydropyrimidine derivatives (Nitro-THP-1)
1 & (Nitro-THP-2), 2 we have recently reported facile synthetic routes to novel 5-benzoyl-6-methylthio-1,2,3,4-tetrahydropyrimidines (Benzoyl-THP-3), 
Benzoyl-THP-5
We envisaged that presence of another electron withdrawing group in position 5 of the tetrahydropyrimidine ring could have an important impact on the biological activities of these molecules. Our literature survey at this stage revealed that 1,2,3,4-tetrahydropyrimidines and bis-(1,2,3,4-tetrahydropyrimidines) bearing isonicotinoyl group in position 5 of the ring are unknown in the literature to the best our knowledge and hence their biological properties remain unexplored. Furthermore, bis-compounds have received considerable importance as being model for main chain polymers. [6] [7] [8] [9] [10] It is also reported that many biologically active natural and synthetic products have symmetry. 11 As a result, many research groups are turning their attention to the synthesis of bis-heterocycles. [12] [13] [14] [15] Prompted by the promising biological properties of the tetrahydropyrimidines and hence bis-tetrahydropyrimidines bearing electron-withdrawing groups in position 5 of the ring, we decided to develop synthetic methodologies for 5-isonicotinoyl-1,2,3,4-tetrahydropyrimidines and bis-(5-isonicotinoyl-1,2,3,4-tetrahydropyrimidines) and the results of our studies are reported herein. Antibacterial properties of 5-isonicotinoyl-1,2,3,4-tetrahydropyrimidine derivatives have been studied and the results are presented in this paper.
Results and Discussion
In order to synthesize the proposed THPs bearing isonicotinyl group in position 5, enaminones of the type 3 derived from 4-acetylpyridine were required. Their synthesis could be achieved by first reacting 4-acetylpyridine with DMF-DMA following a previously reported procedure 16 to yield the formylated product 2 and then converting 2 into 3 by a procedure 17 developed in our laboratory. The structures of 3 as 3-(phenyl/benzyl/methyl)amino-1-isonicotinoylpropenones were established with help of spectral and analytical data (experimental section). The enaminones 3a-c exist exclusively in Z-form as indicated by the highly deshielded N-H proton (10.76-12. 25 ppm) signals due to hydrogen bonding and the low coupling constants of the vinylic protons (J=6 Hz). Synthesis of the desired tetrahydropyrimidines was subsequently undertaken. Thus when a mixture of enaminone 3a, methylamine and formaldehyde (1:1:2) in methanol was heated at reflux, work up of the reaction mixture gave 4a in 80% yields, the structure of which was proposed to be (1,2,3,4-Tetrahydro-3-methyl-1-phenylpyrimidin-5-yl)(pyridin-4-yl)methanone on the basis of spectral and analytical data. The reaction of 3a with other primary amines (benzyl amine or aniline) and formaldehyde proceeded under similar conditions giving the respective tetrahydropyrimidines 4b and 4c in 83% and 85% yields respectively. Similarly, the reaction of 3b-c with appropriate primary amines (Scheme 1) and formaldehyde proceeded smoothly, giving the respective products 4d-i in good yields. The infrared spectra of 4a-i showed strong peaks in the region of 1500 to 1630 cm -1 due to extensively delocalised double bonds and carbonyl groups. In the 1 H nmr spectra of 4a-i, the α and β protons of pyridine ring appear as doublets in the vicinity of 8.60 and 7.30 ppm respectively. The signal of C 6 -H proton of the THP ring remains obscured by the aromatic protons except in case of 4g, where it was found resonating at 6.97 ppm. The signals due to benzylic CH 2 protons in 4b, 4d-f and 4h were found in the range of 3.65-3.90 ppm. The protons at C-4 of the THP ring resonated just below 4.00 ppm except in cases where phenyl group is attached to N-3, while those bonded to C-2 were more de-shielded and resonated in the vicinity of 4.50 ppm. In the 13 C nmr spectra of the THPs, the most striking signal was due to carbonyl carbon (close to 190 ppm). Subsequently, the reaction of 3 with diamines and formaldehyde was examined. Thus, when 3a (2 mmol) was reacted with a mixture of ethylenediamine (1 mmol) and formaldehyde (4 mmol) in methanol, expected product 5a was obtained in 55% yield, the structure of which was established to be [3,3' -(ethane-1,2-diyl)bis(1-phenyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl)]bis(pyridin-4-ylmethanone) based on spectral and analytical data. The reaction of 3a with other diamines (A= -CH 2 CH 2 CH 2 -, -CH 2 CH 2 CH 2 CH 2 -, -C 6 H 4 -) and formaldehyde led to the formation of the respective products 5b-d in 60-65% yields. Likewise, 3b and 3c reacted with diamines and formaldehyde under similar conditions giving the expected products 5e-i in good yields. The N-CH 2 protons of the linker chain of 5a-c, e-g, i-k resonated between 2.40 to 2.80 ppm, while other CH 2 protons of the linker chains appeared as multiplets close to 1.75 ppm. The protons of the aromatic linkers remained obscured by other aromatic proton signals in their usual range.
Anti-bacterial properties of tetrahydropyrimidines 4a-i
Of the nine THPs 4a-i tested, only 4b, 4e, 4d, 4i and 4h exhibited anti-bacterial effect on the four-gram positive bacteria. None of the compounds inhibited the growth of E. coli, a gramnegative species, at the concentrations tested. Compound 4b inhibited the growth of S. aureus, S. epidermidis, B. subtilis, B. mycoides at 10 mg/ml and 5 mg/ml concentrations. The differences in the mean zones of inhibitions observed were not significant, when comparisons are made both within a concentration and between the concentrations (Table 1) . Compound 4b had a greater bactericidal effect on B. mycoides than on the other species; growth of B. mycoides was affected at 2.5 mg/ml and 1.25 mg/ml concentrations of 4b also. The mean zone of inhibition at these concentrations, however, was not significantly different from the values obtained at higher concentrations. Compound 4e inhibited the growth of S. aureus, S. epidermidis and B. subtilis. This compound was not bactericidal on B. mycoides and E. coli at the concentrations tested. The values of the zones of inhibition recorded in S. aureus, S. epidermidis and B. subtilis cultures were not significantly different at 10 mg/ml concentration of 4e. This compound inhibited growth of S aureus at 5 mg/ml concentration and B. subtilis at 5 mg/ml, 2.5 mg/ml, 1.25 mg/ml concentrations; however, significant differences did not exist at these concentrations (Table 1) . When S. aureus and B. subtilis cultures were exposed to 10 mg/ml concentration of 4e, the mean zone of inhibition observed, 0.68±0.08 cm and 0.72±0.05 cm respectively were significantly higher than the mean zone of inhibition observed (0.1±0.1 cm) when S. aureus was exposed to 5 mg/ml of 4e.
Compound 4d inhibited the growth of S.aureus, S.epidermidis and B.subtilis only at 10mg/ml and 5 mg/ml concentrations; but significant differences between the mean values did not exist. B. mycoides and E.coli were not affected by 4d. Compound 4i inhibited growth of S. epidermidis at 10 mg/ml concentration. Anti-bacterial effect of this compound was not observed on any of the other cultures at the concentrations tested ( Table 1) .
Compound 4h has inhibitory effect on S. epidermidis, S. aureus, and B. mycoides of which S. epidermidis was the least affected; it was inhibited only at 10 mg/ml concentration. Growth of S. aureus, and B. mycoides was inhibited at 10, 5 and 2.5 mg/ml concentrations. The diameter (0.13±0.13 cm) of the mean zone of inhibition recorded in S. aureus cultures at 2.5 mg/ml concentration was significantly lower than values recorded due to 4h except when S. aureus was exposed to 5 mg/ml concentration (0.64±0.16 cm).
The anti-bacterial effect of rifampicin was significantly higher on all bacterial species at 1 mg/ml concentration when comparisons are made with the anti-bactericidal effect of 4a-i ( Table  1 ). The solvent controls did not display growth inhibition in any of the bacterial species.
Conclusions
In conclusion, we have synthesized a set of nine hitherto unknown 5-isonicotinyl-1,2,3,4-tetrahydropyrimidines and another set of twelve bis-(5-isonicotinyl-1,2,3,4-tetrahydropyrimidines) in good yields. Anti-bacterial properties of the tetrahydropyrimidines have been studied. Compounds 4b, 4e, 4d, 4i & 4h were found to possess anti-bacterial activity on four gram-positive bacteria used in the study. However, variations in anti-bacterial activity, as indicated by mean zones of inhibition, were observed. Compound 4h produced highest mean zone of inhibition (1.04 ± 0.1 cm) on Bacillus mycoides, at 10mg/mL concentration
Experimental Section
General. Melting points were recorded by open capillary method and are uncorrected. The IR spectra were recorded on a Perkin-Elmer 983 spectrometer. 1 H NMR and 13 C NMR spectra were recorded on Bruker ACF-300 spectrometer. The chemical shifts (δ ppm) and the coupling constants (Hz) are reported in the standard fashion with reference to TMS as internal reference. FAB-mass spectra (MS) were measured on JEOL 3SX 102/DA-6000 mass spectrometer using argon as the carrier and m-nitrobenzylalcohol as the matrix. Elemental analyses were performed on a Vario-EL III instrument. Enaminone 2 was synthesized by a reported procedure.
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3-Phenylamino-1-pyridin-4-ylpropenone 3a. To a solution of enaminone 2 (1 mmol) in 2 mL acetic acid was added aniline (1 mmol) and the resulting mixture was stirred at room temperature when a solid product precipitated out. After the completion of the reaction (tlc, 45 hours), the mixture was poured over chilled water and the precipitated product was collected by filtration, washed repeatedly by water to ensure complete removal of acid and dried to give practically pure 3a in 82% yields. 3-Methylamino-1-pyridin-4-ylpropenone 3c. To a solution of enaminone 2 (1 mmol) in 3 ml ethanol was added an aqueous solution of methylamine (3 mmol, 40% solution) and the resulting mixture was stirred at 50 0 C. After the completion of the reaction (tlc, 40 hours), ethanol was distilled off to give a brown gum, which was dissolved in chloroform (3 mL). This solution was washed with water (2X 2 mL), dried over anhydrous Na 2 SO 4 and chloroform distilled off to give the product in 52% yields. It was further purified by column chromatography (silica gel, 20% EtOAc-hexane chloroform (3 mL), the solution washed with water (2X2 mL), dried over anhydrous Na 2 SO 4 and the solvent distilled off to give a gum. The gum was triturated with hexane (4a-c,e,f) to give practically pure product or was subjected to column chromatography (4d,g-i) using silica gel and EtOAc as eluent. 4a-c,e-f were further purified by crystallization from EtOAc-hexane. (1,2,3 1,2,3,4-Tetrahydro-3-benzyl-1-phenylpyrimidin-5-yl)(pyridin-4-yl) 1,2,3,4-Tetrahydro-1-benzyl-3-phenylpyrimidin-5-yl)(pyridin-4-yl) (1,2,3,4-Tetrahydro-3-benzyl-1-methlpyrimidin-5-yl)(pyridin-4-yl) (1,2,3,4-Tetrahydro-1-methyl-3-phenylpyrimidin-5-yl)(pyridin-4-yl) 
Synthesis of bis-tetrahydropyrimidines. General procedure
A mixture of diamine (0.5 mmol) and formaldehyde (2 mmol) in 1 mL of methanol was stirred at room temperature for 5-10 minutes. To this was added a solution of the enaminone 3 (1 mmol) in 4 mL of methanol and the resulting solution was refluxed for 4-12 hours. On completion of the reaction (tlc), the solvent was distilled off. The residue was dissolved in 3 mL of chloroform and the solution washed with water (2X2 mL), dried (Na 2 SO 4 ) and chloroform distilled off to give a gum from which the product 4 was isolated by column chromatography (silica gel, EtOAc) in 40-65% yields. -1,3-diyl)bis(1-phenyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl) 3'-(1,4-Phenylene)bis(1-phenyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl) (3,3'-(Ethane-1,2-diyl)bis(1-benzyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl) 3'-(1,4-Phenylene)bis(1-benzyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl) 3'-(Ethane-1,2-diyl)bis(1-methyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl) 3'-(Propane-1,3-diyl)bis(1-methyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl) (3,3'-(1,4-Phenylene)bis(1-methyl-1,2,3,4-tetrahydropyrimidine-5,3-diyl))bis(pyridin-4-ylmethanone) 
Anti-bacterial assay
Lyophilized cultures of the bacterial species (Table 1) were procured from the microbial type culture collection (MTCC) of the Institute of Microbial Technology, Chandigarh, India. Microbial cultures were developed by the Cup Plate Method. 18 The test molecules, dissolved in the appropriate solvent at 10 mg/ml, 5 mg/ml, 2.5 mg/ml and 1.25 mg/ml concentrations were loaded in the cups. Rifampicin (1mg/ml) was loaded in one well as the antibiotic standard. In the plates containing cultures of B. mycoides acetone was loaded in one well as the solvent control while in the plates containing other bacterial cultures, DMF was loaded as the solvent control. The volume of material loaded in each well was 10 µl. Zones of inhibition were considered as indications of anti-bacterial effect of the test compounds and of rifampicin. Observation and measurement of zones of inhibition were done after incubation at 37˚C for 24 hr. The diameter of a zone of inhibition in each replication was recorded and subjected to Analysis of Variance (ANOVA) followed by Tukey's Honestly Significant Difference (Tukey HSD) test to estimate the existence of significant difference between mean zones of inhibition.
